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METHOD OF PRODUCING SEMICONDUCTOR DEVICE AND GRINDING 
MACHINE FOR USE IN THE METHOD 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a method of 
producing a semiconductor device by cutting out separate 
pieces of semiconductor chips from a semiconductor wafer, 
and a grinding machine for use in the method of producing 
10 the semiconductor device. 
Description of Related Art 

Production processes of a thin semiconductor 
device such as a semiconductor device for IC chips 
include a grinding process for grinding an inactive 
15 surface (back surface) of a semiconductor wafer with a 
grinder. This grinding process is carried out prior to 
a dicing process for dicing a semiconductor wafer to 
divide it into semiconductor chips. This is because if 
the grinding process is carried out after the dicing 
20 process, the back surface of each semiconductor chip has 
to be separately ground, which causes the grinding 
process to take labor. 

However, cutting such a thin semiconductor wafer 
with a dicing saw causes cracking of the semiconductor 
25 wafer and chipping of semiconductor chips. For this 
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reason, a semiconductor wafer cannot be made thinner than 
a limit thickness, which is about 50nm, by grinding prior 
to the dicing process. 

Accordingly, carrying out the dicing process prior 
5 to the process of grinding the back surface of the 
semiconductor wafer has been recently proposed. That is, 
after an active surface of a semiconductor wafer is cut 
with a dicing saw so as to form grooves, a tape for 
protecting the surface is stuck to the surface of the 

10 semiconductor wafer. In this condition, the back surface 
of the semiconductor wafer is ground by a grinder. This 
back surface grinding is continued until the surface of 
the semiconductor wafer subject to grinding (back 
surface) by the grinder reaches the grooves, when thinned 

15 separate pieces of semiconductor chips can be obtained. 

The arrival of the surface subject to grinding at 
the grooves may be detectable based on, for example, a 
change in a torque current flowing in a motor for driving 
the grinder. That is, when the surface subject to 

20 grinding reaches the grooves, the contact area between 
the back surface of the semiconductor wafer and the 
grinder decreases, causing the torque applied from the 
back surface of the semiconductor to the grinder to 
decrease. As a result, the quantity of the torque current 

25 flowing in the motor for driving the grinder lessens, 
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according to which the arrival of the surface subject 
to grinding at the grooves may be detected. Additionally, 
when grinding by using a chemical is performed as in the 
case of the CMP (Chemical- Mechanical Polishing) process, 
5 the arrival of the surface subject to grinding at the 
grooves may be detected based on a change in the pH level 
of the chemical. 

However, since the change in the torque current or 
that in the pH level due to the arrival of the surface 
10 subject to grinding at the grooves is so little that it 
is impossible for both of the above-mentioned methods 
to precisely detect that the surface subject to grinding 
has reached the grooves- Accordingly, terminating the 
back surface grinding in response to the detection of 
15 the arrival of the surface subject to grinding at the 
grooves by such methods tends to lead to insufficient 
or excessive grinding, causing the produced 
semiconductor chips to scatter in the thickness. 

In addition, as another method for detecting the 
20 arrival of the surface subject to grinding at the grooves, 
the method as shown in Fig. 10 is also possible. In this 
method, a gauge G is. pressed against the surface of a 
semiconductor wafer W subject to grinding to measure 
(monitor) the thickness between a wafer stage 91 on which 
25 the semiconductor wafer W is mounted and the surface of 
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the semiconductor wafer W subject to grinding so as to 
determine that the surface subject to grinding has 
reached the grooves when the thickness of the 
semiconductor wafer W has become a predetermined value. 
5 However, due to unevenness in thickness of a surface 
protection tape 92 stuck to the surface of the 
semiconductor wafer W, the results of the measurement 
by the gauge G include a significant margin of error. 
Accordingly, it is impossible to obtain a desired 
10 thickness e.g. 50 |im of the semiconductor chips with high 
accuracy . 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a method 
of producing a semiconductor device capable of 
15 preventing occurrence of cracking or chipping in 

semiconductor chips as well as suppressing variation in 
the thickness of the semiconductor chips, and a grinding 
machine for use in the production method of this 
semiconductor device . 
20 The method of producing a semiconductor device 

according to this invention comprises: a groove forming 
process for forming a groove with a pattern according 
to an outer contour of a desired semiconductor chip in 
a front surface of a semiconductor wafer; a wafer holding 
25 process following the groove forming process for holding, 



with a wafer holding mechanism, the front surface of the 
semiconductor wafer, for instance, by sticking a wafer 
holding mechanism to the front surface of the 
semiconductor wafer; a back surf ace grinding process for 
5 grinding a back surface of the semiconductor wafer being 
held by the wafer holding mechanism by a grinder; and 
a finish timing determining process for detecting 
opening of a bottom face of the groove during the back 
surface grinding process and determining the timing for 
10 finishing the back surface grinding process based on the 
detection . 

The opening of the bottom face of the groove 
(penetration) may be detected by an electromagnetic wave 
sensor for detecting electromagnetic waves including 

15 light or microwaves that pass through the groove. In 
addition, the method may include a back surface grinding 
process for grinding the back surface of a semiconductor 
wafer being held by the wafer holding mechanism, an air 
sucking process for sucking air inside the groove during 

20 the back surface grinding process, and an air pressure 
monitoring process for detecting and monitoring air 
pressure inside the groove during the air sucking process , 
thereby detecting the penetration of the groove based 
on a change in the air pressure detected during the air 

25 pressure monitoring process- 
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The grinding machine for carrying out the 
production method of this invention may be one which 
comprises a wafer holding mechanism for holding the front 
surface of the semiconductor wafer, for example, by 
5 adhering to the front surface of the semiconductor wafer, 
a grinder for grinding the back surface of the 
semiconductor wafer being held by the wafer holding 
mechanism, a penetration detecting mechanism for 
detecting opening of a bottom face of the groove formed 
10 in the semiconductor wafer being held by the wafer 

holding mechanism, and a control section for determining 
the timing for finishing the process of grinding the back 
surface of the semiconductor wafer by the grinder, which 
determination being made based on an output from the 
15 penetration detecting mechanism. 

The penetration detection mechanism may include an 
electromagnetic wave sensor for detecting an 
electromagnetic wave such as light or microwave that 
passes through the groove. 
20 According to this invention, by grinding the back 

surface of a semiconductor wafer after forming grooves 
in the semiconductor wafer by dicing, the semiconductor 
wafer is divided into individual semiconductor chips. 
Accordingly, cracking or chipping of the semiconductor 
25 chips does not occur during the dicing, and extremely 



thin semiconductor chips being 50 jam or less in thickness 
can be produced in good order. 

Meanwhile, the timing for finishing the back 
grinding of the semiconductor wafer is determined, for 
5 example, based on an output of an electromagnetic wave 
sensor such as a light sensor. 

A light sensor may be disposed in the wafer holding 
mechanism or in the grinder so as to detect light, which 
is directed from a light source disposed in the grinder 
10 or the wafer holding mechanism and passes through the 
groove. In this case, when the surface of the 
semiconductor wafer subject to the grinding by the 
grinder reaches the groove and the groove comes into a 
state of penetrating the semiconductor wafer from the 
15 surface to the back surface thereof, the light from the 
light source passes through the groove and enters into 
the light sensor. Accordingly, the timing at which the 
light sensor detects the light from the light source 
corresponds to the timing at which the surface of the 
20 semiconductor wafer subject to grinding reaches the 
groove. Based on the detection of the light that has 
passed through the groove by the light sensor, the timing 
for finishing the back surface grinding of the 
semiconductor wafer is determined so that the back 
25 surface grinding of the semiconductor wafer can be always 
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finished with almost constant timing. The amount of the 
back surface of the semiconductor wafer to be ground is 
therefore prevented from varying, and the thickness of 
semiconductor chips obtained from the back surface 
5 grinding is kept almost constant. _ 

In this case, it is also possible for the control 
section to determine the timing such that the back 
surface grinding of the semiconductor wafer by the 
grinder is finished at a time when a prescribed time 
10 elapses after the light sensor detects the light passing 
through the groove. 

Also, the light sensor may be held by the wafer 
holding mechanism and of a light emitting/receiving type 
that directs light toward the groove in the semiconductor 
15 wafer held by the wafer holding mechanism while detects 
light which returns after being reflected by the 
semiconductor wafer or the grinder. 

Due to differences in material and surface 
configuration between the semiconductor wafer and the 
20 grinder, the reflectance of the semiconductor wafer and 
that of the grinder are different. Accordingly, when the 
back surface grinding of the semiconductor wafer by the 
grinder is advanced until the surface of the 
semiconductor wafer subject to the grinding reaches the 
25 groove so that the groove comes into a state of 
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penetrating the semiconductor wafer from its front 
surface to the back surface, the quantity of the light 
coming back to the light sensor changes significantly. 
Here, the timing of the change in the quantity of the 
5 light received by the light sensor corresponds to the 
timing of the arrival of the surface of the semiconductor 
wafer subject to the grinding at the groove . Accordingly, 
by determining the timing for finishing the back surface 
grinding of the semiconductor wafer based on a change 
10 in the light quantity received by the light sensor, the 
back surface grinding of the semiconductor wafer can 
always be finished with almost constant timing. The 
amount of the back surface of the semiconductor wafer 
to be ground is therefore prevented from varying, and 
15 the thickness of semiconductor chips obtained from the 
back surface grinding is kept almost constant. 

When using a microwave sensor as the 
electromagnetic wave sensor, the arrangement may be such 
that the microwave sensor detects a microwave, which 
20 passes through the groove formed in the semiconductor 
wafer after being directed toward between the grinder 
and the back surface of the semiconductor wafer held by 
the wafer holding mechanism from a microwave oscillator 
which is provided in association with the grinder. In 
25 this case, when the surface of the semiconductor wafer 



subject to the grinding by the grinder reaches the groove 
and the groove comes into a state of penetrating the 
semiconductor wafer from its front surface to the back 
surface, the microwave directed toward between the 
grinder and the back surface of the semiconductor wafer 
passes through the groove and reaches the microwave 
sensor. Here, the timing of the detection of the 
microwave by the microwave sensor corresponds to the 
timing of the arrival of the surface of the semiconductor 
wafer subject to grinding at the groove. Therefore, by 
determining the timing for finishing the back surface 
grinding of the semiconductor wafer based on the 
detection of the microwave having passed through the 
groove by the microwave sensor, the back surface grinding 
5 of the semiconductor wafer can always be finished with 
almost constant timing. The amount of the back surface 
of the semiconductor wafer to be ground is therefore 
prevented from varying, and the thickness of 
semiconductor chips obtained from the back surface 
0 grinding is kept almost constant. 

It is also possible to locate the microwave sensor 
in either one of the wafer holding mechanism and the 
grinder and to. locate the microwave oscillator in the 
other one of the wafer holding mechanism and the grinder 
!5 so that the microwave sensor detects the microwave that 



is directed from the microwave oscillator and passes 
through the groove formed in the semiconductor wafer held 
by the wafer holding mechanism. 

In addition, it is possible for the control section 
to determine the timing such that the back surface 
grinding of the semiconductor wafer by the grinder is 
finished when a prescribed time elapses after the 
microwave sensor detects the microwave passing through 
the groove. 

The penetration detecting mechanism may include an 
air sucking mechanism for sucking air inside the groove 
formed in the semiconductor wafer held by the wafer 
holding mechanism and an air pressure detecting 
mechanism for detecting the air pressure inside the 
groove. In this case, the control section should 
preferably determine the timing for finishing the back 
surface grinding of the semiconductor wafer by the 
grinder based on an output from the air pressure 
detecting mechanism. 

For instance, the air sucking mechanism may 
comprise an air inlet formed in the wafer holding surface 
(the surface contacting with the front surface of the 
semiconductor wafer) of the wafer holding mechanism, a 
suction pipe communicating with the air inlet, and a 
vacuum source connected to the suction pipe. In this case 



in a state where the groove has not appeared in the back 
surface of the semiconductor wafer, the groove on the 
side of the back surface of the wafer are closed and the 
air pressure inside the groove is therefore relatively 
low. On the other hand, in a state where the back surface 
grinding of the semiconductor wafer has been advanced 
so that the groove appears in the back surface of the 
semiconductor wafer, the groove penetrates the 
semiconductor wafer from its surface to the back surface . 
Thus, air enters from the side of the back, surface of 
the semiconductor wafer into the groove, by which the 
air pressure inside the groove suddenly increases. 

Accordingly, by monitoring the air pressure inside 
the groove, especially changes thereof, the arrival of 
the surface of the semiconductor wafer subject to 
grinding at the groove can be precisely detected. Thus, 
by determining the timing for finishing the back surface 
grinding of the semiconductor wafer based on the 
detection, the back surface grinding of the 
semiconductor wafer can always be finished when the 
semiconductor wafer has been ground in an approximately 
constant amount, and therefore the thickness of 
semiconductor chips obtained from the back surface 
grinding is kept almost constant. 

In addition, it is possible for the control section 
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to determine the timing such that the back surface 
grinding of the semiconductor wafer by the grinder is 
finished when a predetermined time elapses after the 
detection of a change in the air pressure inside the 
5 groove. 

The foregoing and further objects, features and 
effects of the present invention will be apparent from 
the following description of embodiments referring to 
the accompanying drawings. 
10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A-1C are diagrammatical sectional views for 
illustrating a method of producing a semiconductor 
device according to a first embodiment of this invention. 

Fig. 2 is an explanatory illustration of a 
15 positional relation between grooves and light detecting 
devices . 

Fig. 3 is a diagrammatical sectional view of 
another example of the construction of the grinding 
device . 

20 Figs. 4 A-4C are diagrammatical sectional views for 

illustrating a method of producing a semiconductor 
device according to a second embodiment of this 
invention . 

Fig. 5 is a diagrammatical view showing a pattern 
25 of grooves formed in a front surface of a semiconductor 



wafer . 

Fig, 6 is an illustration of the bottom surface of 
a wafer head. 

Fig. 7 is a diagrammatical plan view of one 
arrangement of a chip release prevention tape. 

Figs. 8A-8C are diagrammatical sectional views for 
illustrating a method of producing a semiconductor 
device according to a third embodiment of this invention. 

Fig. 9 is a diagrammatical sectional view showing 
another example of the construction of the grinding 
machine . 

Fig. 10 is a view for illustrating a technique 
adoptable for detecting an end point of back surface 
grinding of a semiconductor wafer. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figs. 1A-1C are diagrammatical sectional views for 
illustrating a method of producing a semiconductor 
device according to a first embodiment of this invention, 
and show in sequence a process of cutting out 
semiconductor chips C from a semiconductor wafer W. At 
first, as shown in Fig. 1A, a front surface 11 of a 
semiconductor wafer W is cut by using a dicing saw S so 
as to form a pattern of grooves 12 according to a contour 
of a semiconductor chip C. The depth of the grooves 12 
is determined to be smaller than the thickness of the 
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semiconductor wafer W and, for example, somewhat larger 
than a desired thickness of the semiconductor chips C. 
The front surface 11 of the semiconductor wafer W refers 
to a surface (active surface) on the side of an active 
5 surface area in which devices such as transistors and 
resistors are formed. 

The semiconductor wafer W having been provided with 
the grooves 12 is brought in a grinding machine 20 for 
grinding the back surf ace (inactive surface) 13 opposite 
10 to the front surface 11. As shown in Fig. IB, the grinding 
machine 20 includes a wafer head 21 rotatable about the 
vertical axis line and a grinder 22 opposedly disposed 
below the wafer head 21. 

The grinder 22 is provided with an approximately 
15 circular surface plate 23 larger than the semiconductor 
wafer W in plan view, a transparent plate 24 which is 
made of transparent material and fixed in the upper 
surface of the surface plate 23, and a grinding pad 25 
fixed in the upper surface of the transparent plate 24, 
20 and is supported in a rotatable manner by a rotational 
axis 26 provided substantially along the vertical line. 

In the upper surface of the surface plate 23, a 
prescribed number (one or plural number) of light sources 
27 are disposed facing the transparent plate 24. Light 
25 passage holes 28 are formed in the grinding pad 25 at 
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positions corresponding to those of the light sources 
27. Light from the light sources 27 passes through the 
transparent plate 24 and the light passage holes 28 so 
as to be directed from the upper surface (grinding 
5 surface) of the grinding pad 25. On the other hand, in 
the bottom surface of the wafer head 21, a prescribed 
number (one or plural number) of light detecting devices 
29 for detecting the light from the light sources 27 are 
disposed . 

10 Output signals of this light detecting devices 29 

are inputted into a control section 30 comprising a 
microcomputer and the like. The control section 30 
controls movement of each part of the grinding machine 
20 including the rotation of the wafer head 21 and the 

15 grinder 22 based on signals inputted thereto from the 
light detecting devices 29 and the like. 

The semiconductor wafer W brought in the grinding 
machine 20 is held by the wafer head 21 through a double 
coated tape T made of transparent material. More 

20 specifically, one side of the double coated tape T is 
stuck to the front surface 11 of the semiconductor wafer 
W, and the other side of the double coated tape T is stuck 
to the bottom surface of the wafer head 21 of the grinding 
machine 20. Accordingly, the semiconductor wafer W is 

25 held by the wafer head 21 with its back surface 13 being 



directed downward. 

When the semiconductor wafer W is held by the wafer 
head 21 in such a manner, the wafer head 21 receives 
downward load so that the back surface 13 of the 
5 semiconductor wafer W is pressed against the upper 

surface (grinding surface) of the grinding pad 25. By 
rotating the wafer head 21 as well as rotationally 
driving the grinder 22 in this condition, the back 
surface 13 of the semiconductor wafer W is ground. 
10 When the back surface grinding of the semiconductor 

wafer W is advanced until the surface of the 
semiconductor wafer W subject to the grinding by the 
grinding pad 25 (grinder 22) reaches the grooves 12 and 
the grooves 12 appear in the back surface 13 of the 
15 semiconductor wafer W as shown in Fig.lC, the grooves 
12 come into a state of penetrating the semiconductor 
wafer W from its surface to the back surface. That is, 
the bottom faces of the grooves 12 are opened. When the 
grooves 12 traverse the light passage holes 28 of the 
20 grinding pad 25, the light from the light sources 27 
passing through the light passage holes 28 enters into 
the grooves 12. The light that has entered into the 
grooves 12 passes through the grooves 12 so as to enter 
into the double coated tape T, and after passing through 
25 the double coated tape T, the light enters into the light 
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detecting devices 29 disposed in the bottom surface of 
the wafer head 21. The light detecting devices 29 then 
detect the light from the light sources 27 , based on which 
the control section 30 detects that the surface of the 
semiconductor wafer W subject to grinding has reached 

the grooves 12 . 

Subsequently, when a prescribed time elapses after 
the detection of the arrival of the surface subject to 
grinding at the grooves 12, the wafer head 21 is raised 
and then the rotation of the wafer head 21 is stopped 
together with the rotation of the grinder 22. The back 
surface grinding process is then finished and separate 
pieces of the semiconductor chips C with a desired 
thickness are obtained. 

As described so far, according to this embodiment, 
the light passing through the grooves 12 is detected by 
the light detecting devices 29 disposed in the wafer head 
21, based on which the arrival of the surface of the 
semiconductor wafer W subject to grinding at the grooves 
is detected. When a prescribed time elapses after the 
detection of the arrival of the surface of the 
semiconductor wafer W subject to grinding at the grooves, 
the back surface grinding of the semiconductor wafer W 
by the grinder is terminated. With this arrangement, the 
back surface grinding of the semiconductor wafer W can 



always be terminated with almost constant timing. For 
this reason, variation in the amount of the back surface 
of the semiconductor wafer W to be ground does not arise, 
and therefore the thickness of the semiconductor chips 
C obtained through the back surface grinding can be kept 
almost constant. 

In addition, the back surface 13 of the 
semiconductor wafer W is ground so as to be divided into 
the semiconductor chips C after the grooves 12 are cut 
) in the semiconductor wafer W by dicing. This prevents 
the semiconductor chips C from cracking or chipping 
during the dicing, and enables production of very thin 
semiconductor chips with a thickness no more than 50 urn 
in good order. 

5 Meanwhile, in the case that all the light detecting 

devices 29 are arranged so as to be located above the 
grooves 12 provided in the front surface 11 of the 
semiconductor wafer W, it is preferable to determine that 
the surface of the semiconductor wafer W subject to 

0 grinding has reached the grooves 12 in response to the 
detection of the light from the. light sources 27 by all 
of the light detecting devices 29. In this way, the 
appearance of the whole area of the grooves 12 can be 
precisely detected, and inconvenience such as the case 

15 where the semiconductor wafer W cannot properly be 
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divided into the semiconductor chips C due to 
insufficient grinding can be surely prevented from 
arising. 

However, since the pattern of the grooves cut in 
the front surface 11 of the semiconductor wafer W varies 
depending on the size of the desired semiconductor chips, 
all the light detecting devices 29 disposed in the wafer 
head 21 are not necessarily located above the grooves 
12. That is, as shown in Fig. 2, it is possible to 
anticipate that only a part of the prescribed number 
of the light detecting devices 29 is located above the 
grooves 12 in the form of a grid. In such a case, the 
judgment that the surface of the semiconductor wafer W 
subject to grinding has reached the grooves 12 may be 
made in response to the detection of the light from the 
light sources 27 by a predetermined number of light 
detecting devices 29. 

In this embodiment, the light sources 27 are 
disposed in the grinder 22, and the light detecting 
devices 29 for detecting the light from the light sources 
27 are disposed in the wafer head 21. However, contrary 
to this arrangement, the light sources 27 may be disposed 
in the wafer head 21 with the light detecting devices 
29 being disposed in the grinder 22. 

Additionally, this embodiment may be modified, for 
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example, as shown in Fig. 3. In the arrangement of Fig. 
3, light emitting/receiving sensors 40 capable of 
directing light toward the grooves 12 in the front 
surface 11 of the semiconductor wafer W as well as 
5 detecting the light which returns after being reflected 
by the semiconductor wafer W or the grinding pad 25 
(grinder 22) are disposed in the bottom surface of the 
wafer head 21. It is also possible to detect that the 
surface of the semiconductor wafer W subject to grinding 
10 has reached the grooves 12 based on the output signals 
from the light emitting/receiving sensors 40. That is, 
due to differences in material and surface configuration 
between the semiconductor wafer W and the grinding pad 
25, the reflectance of the semiconductor wafer W differs 
15 from that of the grinding pad 25. Accordingly, when the 
back surface grinding of the semiconductor wafer W by 
the grinding pad 25 is so advanced that the surface of 
the semiconductor wafer W subject to grinding reaches 
the grooves 12, the grooves 12 come into a state of 
20 penetrating the semiconductor wafer W from its surface 
to the back surface. Thus, the quantity of the light 
entering into the light emitting/receiving sensors 40 
changes. Thus, based on the change in the light quantity, 
the arrival of the surface of the semiconductor wafer 
25 W subject to grinding at the grooves 12 can be detected. 
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In the case of adopting this configuration, the 
transparent plate 24 can be omitted, and it is not 
necessary to form the light passage holes 28 in the 
grinding pad 25. 

Figs. 4 A-4C are diagrammatical sectional views for 
illustrating a method of producing a semiconductor 
device according to a second embodiment of this invention, 
which shows in sequence a process of cutting out 
semiconductor chips C from a semiconductor wafer W. In 
Figs. 4A-4C, parts corresponding to those in Figs. 1A-1C 
are indicated by the same reference alphanumerals as in 
Figs. 1A-1C. 

At first, as shown in Fig. 4A, grooves 12 are cut 
in the front surface 11 (active surface) of the 
semiconductor wafer W by using a dicing saw S. The depth 
of the groove 12 is determined to be smaller than the 
thickness of the semiconductor wafer W, and, for example, 
somewhat larger than a desired thickness of the 
semiconductor chips C. The pattern of the grooves 12 is 
selected according to the contour of the semiconductor 
chips C so that, for example, in the case of cutting out 
semiconductor chips which are rectangular in plan view, 
grooves 12 arranged in the form of a grid as shown in 
Fig. 5 are formed in the front surface 11 of the 
semiconductor wafer W. 
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The semiconductor wafer W having been provided with 
the grooves 12 is brought in a grinding machine 120 for 
grinding the back surf ace (inactive surface) 13 opposite 
to the front surface 11. The grinding machine 120 
5 includes, as shown in Fig. 4B, a wafer head 21 rotatable 
about the vertical axis line, and a grinder 22 opposedly 
disposed below the wafer head 21. The grinder 22 
comprises an approximately circular surface plate 23 
which is larger than the semiconductor wafer W in plan 
10 view, and a grinding pad 25A fixed on the upper surface 
of the surface plate 23, and is supported by the 
rotational axis 26 provided almost along the vertical 
line in a rotatable manner. 

In the bottom surface of the wafer head 21, suction 
15 slits 126 are opened being formed concentrically or in 
a radial pattern as shown in Fig. 6. Suction air passages 
127 communicating with the suction slits 126 are formed 
inside the wafer head 21 and are connected to a vacuum 
source (not shown) through a suction pipe 128 . The vacuum 
20 source, suction slits 126, suction air passages 127 and 
the suction pipe 128 mentioned above constitute an air 
suction mechanism . 

In connection with the suction pipe 128, an air 
pressure sensor 129 is provided for detecting air 
25 pressure inside the groove 12 by detecting air pressure 
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inside the suction pipe 128. Output signals of this air 
pressure sensor 129 are inputted into a control section 
30 that includes a microcomputer and the like. The 
control section 30 controls movement of each part of the 
5- grinding machine 120 such as the rotation of the wafer 
head 21 and the grinder 22 based on signals inputted 
thereto from the air pressure sensor 129 and the like. 

The semiconductor wafer W brought in the grinding 
machine 120 is stuck to the wafer head 21 and held by 
10 it through a chip release prevention tape TA. In the chip 
release prevention tape TA, a plural number of slit-like 
openings 41 are formed in the form of a grid as a whole 
with a prescribed interval between one another. The both 
sides of the chip release prevention tape TA are adhesive 
15 surfaces, one side of which being stuck to the front 
surface 11 of the semiconductor wafer W and the other 
side of which being stuck to the bottom surface of the 
wafer head 21 of the grinding machine 120, so that the 
semiconductor wafer W is held by the wafer head 21 with 
20 its back surface 13 being directed downward. 

With the semiconductor wafer W being held by the 
wafer head 21 in such a manner, the wafer head 21 is 
subjected to downward load, and the back surface 13 of 
the semiconductor wafer W is pressed against the upper 
25 surface (grinding surface) of the grinding pad 25A. Then, 
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by rotating the wafer head 21 and rotationally driving 
the grinder 22 in this condition, the back surface 13 
of the semiconductor wafer W is ground. During the back 
surface grinding of the semiconductor wafer W, the vacuum 
source that is not shown is constantly kept in the working 
state, and the output signals of the air pressure sensor 
129 (air pressure inside the suction pipe 28) are 
monitored by the control section 30. 

In a halfway state where the grooves 12 have not 
appeared in the back surface 13 of the semiconductor 
wafer W (the state shown in Fig. 4B), the air pressure 
inside the suction pipe 128 is relatively low because 
the lower parts of the grooves 12 (the sides facing the 
back surface 13 of the semiconductor wafer W) are closed. 

After that, when the back surface grinding of the 
semiconductor wafer W is advanced until the surface of 
the semiconductor wafer W subject to the grinding by the 
grinding pad 25A (grinder 22) reaches the grooves 12, 
the grooves 12 appear in the back surface 13 of the 
semiconductor wafer W as shown in Fig. 4C, and come into 
a state of penetrating the semiconductor wafer W from 
its surface to the back surface. Then, air that enters 
from around the semiconductor wafer W into between the 
grinding pad 25A and the back surface 13 of the 
semiconductor wafer W is sucked by the suction pipe 128 
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through the grooves 12, the openings 41 of the chip 
release prevention tape TA, and the suction air passages 

127, and as a result, the air pressure inside the suction 
pipe 128 suddenly rises. The control part 30 responds 

5 to the change in the air pressure inside the suction pipe 

128, determining that the surface of the semiconductor 
wafer W subject to grinding has reached the grooves 12. 

Subsequently, when a prescribed time elapses after 
the detection of the arrival of the surface of the 

10 semiconductor wafer W subject to grinding at the grooves 
12 by the control section 30, the wafer head 21 is raised, 
and then the rotation of the wafer head 21 is stopped 
together with the rotation of the grinder 22. The back 
surface grinding process is thereby terminated, and 

15 separate pieces of semiconductor chips C with a desired 
thickness are obtained. 

As described above, in this embodiment, the air 
pressure inside the suction pipe 128 is always monitored 
during the back surface grinding so that in response to 

20 the detection of a change in the air pressure inside the 
suction pipe 128, it is judged that the surface of the 
semiconductor wafer W subject to grinding has reached 
the grooves 12. This embodiment is arranged such that 
when a prescribed time elapses after this judgment, the 

25 back surface grinding of the semiconductor wafer W by 



the grinder 22 is terminated. Accordingly, the back 
surface grinding process can always be terminated when 
an almost constant amount of the semiconductor wafer W 
has been ground, thereby allowing the thickness of the 
semiconductor chips C obtained by the back surface 
grinding to be approximately constant. 

In addition, the back surface 13 of the 
semiconductor wafer W is ground so as to divide it into 
the semiconductor chips C after grooves 12 are cut in 
the semiconductor wafer W by dicing. This prevents 
generation of cracking or chipping in the semiconductor 
chips C during the dicing, and enables production of very 
thin semiconductor chips C with a thickness of 50 (j.m or 
less in good order. 
5 In the above embodiment, an arrangement in which 

a change in the air pressure inside the grooves 12 is 
detected by detecting a change in the air pressure inside 
the suction pipe 128 is taken as an example. However, 
it is also possible to adopt an arrangement for detecting 
0 a change in the air pressure inside the suction slits 
126 or a change in the air pressure inside the suction 
air passages 127. That is, any arrangement will be 
possibly adopted, as long as it can detect a change in 
the air pressure inside the grooves 12 due to the arrival 
5 of the surface of the semiconductor wafer W subject to 



grinding at the grooves 12. 

Figs. 8A-8C are diagrammatical sectional views for 
illustrating a method of producing a semiconductor 
device according to a third embodiment of this invention, 
which shows in sequence the process of cutting out 
semiconductor chips C from a semiconductor wafer W. In 
Figs. 8A-8C, parts corresponding to those in Figs. 4A-4C 
are indicated by the same reference alphanumerals as in 
Figs . 4A-4C . 

At first, as shown in Fig. 8A, a pattern of grooves 
12 is cut according to the contour of the semiconductor 
chips C in the front surface 11 (active surface) of the 
semiconductor wafer W by using a dicing saw S. The depth 
of the groove 12 is determined to be smaller than the 
thickness of the semiconductor wafer W, and, for example, 
somewhat larger than a desired thickness of the 
semiconductor chips C. 

The semiconductor wafer W with the grooves 12 is 
brought in a grinding machine 220 for grinding the back 
surface (inactive surface) 13 opposite to the front 
surface 11. The grinding machine 220 includes, as shown 
in Fig. 8B, a wafer head 21 rotatable about the vertical 
axis line, and a grinder 22 opposedly disposed below the 
wafer head 21. The grinder 22 comprises an approximately 
circular surface plate 23 which is larger than the 
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seiaiconductor wafer W in plan view, and a grinding pad 
25A fixed on the upper surface of the surface plate 23, and 
is supported by the rotational axis 26 provided almost 
along the vertical line in a rotatable manner. 
5 In connection with the grinder 22, a microwave 

oscillator 226 for directing microwaves toward the 
vicinity of the upper surface of the grinding pad 25A 
is provided. In the bottom surface of the wafer head 21, 
a prescribed number (one or plural number) of microwave 

10 detecting devices 227 for detecting microwaves directed 
from the microwave oscillator 226 are disposed. The 
microwave detecting devices 227 has a construction 
including parts such as a loop antenna for receiving the 
microwaves, and a Schottky junction diode for converting 

15 the microwaves received by the loop antenna into 
electrical signals to be outputted. 

The output signals of the microwave detecting 
devices 227 are inputted into a control section 3. The 
control section 30 controls movement of each part of the 

20 grinding machine 220 such as the rotation of the wafer 
head 21 and the grinder 22 based on signals or the like 
inputted thereto from the microwave detecting devices 
227 . 

The semiconductor wafer W brought in the grinding 
25 machine 220 is stuck to the wafer head 21 so as to be 
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held by it though a double coated tape TB made of a 
material having permeability to electromagnetic waves. 
More specifically, one side of the double coated tape 
TB adheres to the front surface 11 of the semiconductor 
5 wafer W, and the other side of the double coated tape 
TB adheres to the bottom surface of the wafer head 21 
of the grinding machine 220. Accordingly, the 
semiconductor wafer W is held by the wafer head 21 with 
its back surface 13 being directed downward. 
10 With the semiconductor wafer W being held by the 

wafer head 21 in such a manner, the wafer head 21 is 
subjected to downward load, and the back surface 13 of 
the semiconductor wafer W is pressed against the upper 
surface ( grinding sur face ) of the grinding pad 2 5A. Then, 
15 by rotating the wafer head 21 and rotationally driving 
the grinder 22 in this condition, the back surface 13 
of the semiconductor wafer W is ground. 

During the back surface grinding of the 
semiconductor wafer W, microwaves are constantly 
20 directed from the microwave oscillator 226 toward the 
vicinity of the upper surface of the grinding pad 25A. 
Since the upper surface of the grinding pad 25A is an 
irregular surface into which abrasive grains and the like 
are buried, the microwaves directed from the microwave 
25 oscillator 226 are also distributed between the upper 
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surface of the grinding pad 25A and the back surface 13 
of the semiconductor wafer W. 

When the back surface grinding of the semiconductor 
wafer W is so advanced that, as shown in Fig- 8C, the 
surface of the semiconductor wafer W subject to the 
grinding by the grinding pad 25A (grinder 22) reaches 
the grooves 12, the grooves 12 appear in the back surface 
13 of the semiconductor wafer W, and come into a state 
of penetrating the semiconductor wafer W from its surface 
to the back surface. Then, the microwaves that have 
entered between the upper surface of the grinding pad 
25A and the back surface 13 of the semiconductor wafer 
W enter into the double coated tape TB through the grooves 
12, and after passing through the double coated tape TB, 
the microwaves enter into the microwave detecting 
devices 227 located in the bottom surface of the wafer 
head 21. The microwave detecting devices 227 then detect 
the microwaves that have been directed from the microwave 
oscillator 226 and have passed through the grooves 12, 
based on which the control part 30 detects the arrival 
of the surface of the semiconductor wafer W subject to 
grinding at the grooves 12. 

Subsequently, when a prescribed time elapses after 
the detection of the arrival of the surface of the 
semiconductor wafer W subject to grinding at the grooves 
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12, the wafer head 21 is raised, followed by stopping 
of the rotation of the wafer head 21 together with 
stopping of the rotation of. the grinder 22. The back 
surface grinding process is thus finished and separate 
5 pieces of the semiconductor chips C with a desired 
thickness are obtained. 

As mentioned above, according to this embodiment, 
microwaves passing through the grooves 12 are detected 
by the microwave detecting devices 227 disposed in the 
10 wafer head 21, and based on the detection, the arrival 
of the surface of the semiconductor wafer W subject to 
grinding at the grooves 12 is detected. Also in this 
embodiment, the back surface grinding of the 
semiconductor wafer W by the grinder 22 is finished when 
15 a prescribed time elapses after the arrival of the 

surface of the semiconductor wafer W subject to grinding 
at the grooves 12 is detected. This enables the back 
surface grinding of the semiconductor wafer W to be 
always finished with almost constant timing, and 
20 therefore prevents the amount of the semiconductor wafer 
W to be ground from varying, whereby the thickness of 
the semiconductor chips C obtained from this back surface 
grinding can be. maintained to be almost constant. 
In addition, the back surface 13 of the 
25 semiconductor wafer W is ground so as to be divided into 
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the semiconductor chips C after the grooves 12 are cut 
in the semiconductor wafer W by dicing. This prevents 
generation of cracks and chips in the semiconductor chips 
C during the dicing, and enables production of very thin 
5 semiconductor chips C with a thickness of 50 \im or less 
in good order . . 

Meanwhile, it is preferable to arrange many 
microwave detecting devices 227 to be distributed in the 
bottom surface of the wafer head 21 by, for example, 
10 making the diameter of the loop antenna to be 10 mm or 
less, so that evenness of the grinding within the back 
surface of the semiconductor wafer W can be monitored. 

In addition, when all the microwave detecting 
devices 227 are arranged so as to be located above the 
15 grooves 12 provided in the front surface 11 of the 

semiconductor wafer W, it is preferable to determine that 
the surface of the semiconductor wafer W subject to 
grinding has reached the grooves 12 in response to the 
detection of microwaves by all of the microwave detecting 
20 devices 227. In this way, the appearance of the whole 
area of the grooves 12 can be precisely detected, and 
inconvenience such as the case where the semiconductor 
wafer W cannot properly be divided into the semiconductor 
chips C due to insufficient grinding can surely be 
2 5 prevented from arising . 
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However, since the pattern of the grooves cut in 
the front surface 11 of the semiconductor wafer W varies 
depending on the contour (size) of the desired 
semiconductor chips, all the microwave detecting devices 
5 227 disposed in the wafer head 21 are not necessarily 
located above the grooves 12. That is, it is possible 
to anticipate that only a part of the prescribed number 
of the microwave detecting devices 227 is located above 
the grooves 12. In such a case, the judgment that the 
10 surface of the semiconductor wafer W subject to grinding 
has reached the grooves 12 may be made in response to 
the detection of the microwaves by a predetermined number 
of the microwave detecting devices 227. 

Furthermore, although the microwave oscillator 226 
15 maybe one that directs microwaves of a certain frequency, 
it should preferably be one that permits variable setting 
of the oscillation frequency of microwaves. In such a 
case, for example, the oscillation frequency of 
microwaves is set to be relatively high by the control 
20 section 30 at the time of initiating back surface 
grinding of the semiconductor wafer W so that the 
microwaves can pass when short slits are formed. After 
a microwave is detected by any of the microwave detection 
devices 227, the control part 30 controls the oscillation 
25 frequency of microwaves so that it lowers as the back 
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surface grinding proceeds. The lengths of the grooves 
12 that have appeared in the back surface 13 of the 
semiconductor wafer W by the grinding can therefore be 
detected. This makes it possible to more precisely judge 
5 the time when the entire lengths of the grooves 12 appear 
in the back surface 13 of the semiconductor wafer W, as 
well as to precisely monitor the evenness of the grinding 
within the back surface of the semiconductor wafer W. 

In the meantime, the lowest frequency of microwaves 
10 directed from the microwave oscillator 226 should be set 
as follows: when a plurality of grooves 12 is cut in the 
form of a grid in the surface of a semiconductor wafer 
W, and the length of the shortest one of the grooves 12 
is represented by L, the frequency should preferably be 
15 one that satisfies L > X /4, where X is the wavelength of 
the microwaves. 

Furthermore, as shown in Fig. 9, it is also possible 
to arrange a prescribed number (one or plural number) 
of microwave oscillators 241 in the upper surface of a 
20 surface plate 23, while forming microwave passage holes 
242 in a grinding pad 25B at positions corresponding to 
those of the microwave oscillators 241 so that the 
microwaves that have been directed from the microwave 
oscillators 241 and have passed through the microwave 
25 passage holes 242 and the grooves 12 are detected by 
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microwave detecting devices 227 disposed in the bottom 
surface of the wafer head 21. Also, contrary to this, 
the microwave oscillators may be located in the wafer 
head 21 with the microwave detecting devices being 
5 located in the grinder 22 so that the microwave detecting 
devices 227 detect the microwaves that have been directed 
from the microwave oscillator and have passed through 
the microwave passage holes 242 and the grooves 12. 

Incidentally, although the grinder 22 is disposed 
10 opposedly below the wafer head 21 in the first, second, 
and third embodiments mentioned above, it is possible 
to reverse the locations of the wafer head and the grinder 
so that the grinder 22 is disposed with its grinding 
surface being directed downward, and the wafer head 21 
15 is disposed opposedly below the grinder 22 with the 

semiconductor wafer W being mounted on the side of the 
wafer head 21 facing the grinder 22. 

Also, unlike in the first, second, and third 
embodiments in which the grinder 22 is larger than the 
20 semiconductor wafer W (wafer head 21) in plan view, the 
size of the grinder 22 may be approximately the same as 
or smaller than the size of the semiconductor wafer W 
in plan view. 

Although the invention has been specifically 
25 described in certain preferred embodiments, it is to be 
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understood that such embodiments are some of specific 
examples used only for disclosing the technical features 
of this invention, and that this invention is not limited 
to those examples but rather be construed within its 
5 spirit and scope as set out in the accompanying claims. 

This application corresponds to Japanese Patent 
Applications Nos. 11-314086, 11-314087, and 11-314088 
filed in the Japanese Patent Office on November 4, 1999, 
and all of the disclosures in those applications are 
10 incorporated hereinto by reference. 



